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STAT

February 12, 1965

Subj:s AP/3 Stereoplotter
Gentlemens ‘

We wish to present to you an unsolicited 9roposai for furnishiag
you a stereoplotting system wh w pe will be of interest to you.
This system is known as the Analytical Stereoplotiter, AP/3.

The Model AP/3 system is basieally a further development of the
concepts esbodied im the nmow stamdard AP/2 instrument which is baing

procured by the U. 8. Alr Force and the U, S. Army.

We fasl that with a certain degree of developmental work additional
capabilities can be added to the heratofore AP/2 system which will greatly .
enhance the eapabilities of this system.

More spscifically, the performance characteristics of the proposed
development will not only meet the existing performance spociﬁications
for the AP/2 system (military terminology: AS-ilA system) but, in
addition, will bave the following capabilities.

The optical magnifications available will range up to 130 X with
a suitable resolution to exploit such magnifications.

The accuracy of the system shall be designed to attain a RMSE of
4 wicrons or less over the entire azrea of a 3" x 9" aerial photograph
and over areas of 2" x 2", an RMSE of 2 microns or bstter.

The system shall bs capable of stereoplotting with aerial frame
photography, aerial panoramic photography and terrastrial frame photog-
raphy. Programs for focal lengths from 1” to hg wtth photography for-
mates up to 9" x O will be provided. _
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Provision will be provided to punch or type out model coordinates
or photo coordinates as desired. These coordinates may be actual current .
values or the average of several readings up to a total of at least £ive
readings of any point. Panel controls will be provided to select the
desired output.

The programs provided will calculate three dimensional vector distance,
Dg, betwesn any two points in the stereo model. Each point may be the
average of several readings of the coordinates of that poimt if desired.
It shall be possible to print out in punch or type the quantity D,.

A Model 35 Teletype printer with keyboard will be provided. The ASA
standard tape code will be employed.

The AP/3 will be provided with a 50-character per second, mechanical
tape reader. ' '

The coordinatograph, or X-Y plotter, will be driven by servo motors.

The Veltropolo device will be digital im nature, similar to that
used on the Model AP/C Analytieal Stereoplotter. This will provide
greater aceuracy and gontrol of the Veltropolo device.

The general appesrance, both as to size and format, of the AP/3
system will be similar to the AP/2 system with the exception that an
additional computer cabinet will be required to house additional computer
eircuitry. However, should image-correlation circuitry be added at a ‘
later date, which way be possible az a retrofit, no additional cabinet
will be required to house the corrslation circuitry. :

The above stated performance characteristics are in addition to
those stated in the attached specification for the AR/2 system. It is
understood that the AP/3 system will meet all requirements of the AP/2
system in addition to the additional performance to be developed for
the AP/3 system. HNaturally where such developments represent ilmprove-
ments on the AP/2 design, the lesser desired AP/2 characteristics will
not also be provided.

The cost of the first developed AP/3 system i  |delivered STAT
and installed at any site in the Washington, D.C, avea, not including
U. 8. Customs or taxes, if any. Delivery of the system can be made ten
months after receipt and acceptance of order. Additiomal program docu-
mentation and manuals describing the theory of oparation and maintenance
of the equipment will be delivered twelve months after receipt of order.
This quotation will remain valid until 1 April 1965.
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- We would be pleased to consider any suggestions or revisioms of the
technical characteristics whieh you might have fn mimd. Naturally, such
revisions would affect the quoted price either upwards or downwards. Please
note that no quotation was made for automation of the system which would de
parfectly feasible at additional cost. It will also be possible to add on
such automation at a later date, as a retrofit, with minfmum difficulty.

We hope to have the pleasurs of hearing frow you in the near future.

Sincerely yours,

| | © STAT
Erxacutiva Vice President

SJF:an

Bncl.
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 TECENICAL SPRCIFICATIONS
AMALYTICAL STEREOPLOTTER SYSTEM, AR/2

1. Service Conditfons - The Plotter Group shall be constructed to operste
under any combination of the service conditiona spscified in the general
spacificat {on with exceptions and additfons as follows:

1.1 Climatie
8. Ambient Temperatures
(1) Operati 2196¢67.8°F) to 24°C (75.2°P)
{23 gﬂm:gtmg 4.4°C (39.9°F) to 54°C (129.29%)
(3) Packaged for Shipmant -239C (-27°F) to 54°C (123.29%)

1.2 Relative Humiditcy

a. Operating ' %5 « 55 percent
b. Non Operating 3 -« 95 percent
¢. Packaged for shipment 3 - 100 percent

2. Mechanical - The Plotter Group shall not suffer damage mor fail to glvy
required performance when subjected to shock and vibration encountersd in
transit and handling. 4

3, Elsectrical - The Plotter Group shall orerate from an alternaiive eurrent
{a-¢) source of power with characteristics as specitied below:

a. Potential snd phase:

(1) 2958 plus 26 to minus 8 volts line to line; four wire, three
phase, or 122 plus 6 to minus 6 volts, simgle phase.

b. Pluctuation in potential: plus or minus 2.5 volts (within the 1imits
of a above).

¢. Maximum rate of change of voltage: plus or minus 2 percent per second.
d. Frequency: 67 plus or minus 1 cycle per second (eps).
s. Harmonic content: 3.5 percent.

4., Lightweight Material - Whersver practical lightweight, highstrength
wmsterials shall be used,

5. Component Construction

5.1 Plug-in Units ~ To facilitate mafntenance miniaturized rgplacubl. pack-
age units shall be used in the electronic portions of the projector.

5.2 Active Components - All electronic and control portions of the Ploties

Group =hsll be transistorized where this type of circuitry is ,ractical and
feasidble. '
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5.3 Improper Operztion Proteetion

5.3,1 Sensing of Incompatible Situation - As cextain combinations of the
photegrammetric varisbles do not repressnt physically relizadble situations,
the Plotter Group shall be capsble of sensing end dndicsting to the operator
any incompatible condition which mfight arise in order to prevent damage to
the instrument.

5.3.2 Emergency Stops - Bmergency stops shall be provided on tha Plotter Group
to minimire damage in the svent of maifunction of the equipment.

5.3.3 Alarms - Visual or awral fuse alarms shall be provided on ail critieal
units of ezch component to indieste failures of malfunction within these wmits.

6. Parformence Requirements -

6.1 Purpose - The purpose of the Plotter Group is to provide contour charts.
with such planiwatery as is available from i pair of diapositives. The Plotter
Group shall econtain = digital computer to provide planimetric and hefght in-
formation on the basis of X and Y parallax data, photo coordinate measurements,
intarior oerientation data, and sufficfent ground control. The overall accuracy
of the equipment shall be 5 microns root mean square error at model scale.

8.2 Deseription of Inputs -~

6.2.1 Orientation Input ~ The Plotter Group shall be able to scceyt tha follow-
ing type of input information:

&. X,¥,Z Cartesian coordimates of control in a given coordinate system
with arbiirary origin,

b, Base control plot of photo-identifiable control.

¢. Values of exterior orientation for the photos.
6.2.2 Lens Distortiom Adjustment - The lens distortion adjustment shall be of
such value that the entry of which will not cause more than 2% aicrons (at wodel
scale) error in the fimal stereoplotter output. It is desirable that lens dis-
tortion be reprezented by a radial and tangential valus.

6.2.3 Plim Shrinkage - Correction for film shrinkage distortion ahall be entered
for easch of X and ¥ valuss respactively and indspendantly.

6.2.4 Rarth Curvature - The computar shall taxe into account the sffects of

earth curvature whem computing the differvential X and Y wotion commands inserted
into the individual optical trains. The computer sh:ll utilize the approximation:

-

Bl®w
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wvhers h iz the departure of the earth (assumed spherfcal) from the datum plans,
S is the distance from the point of tangency of the datum plame and R is the
vadius of the earth. The datum plane for this computation shall be that defined
in parageaph 6.12.3, h shall be cowputed to thres significant figures.

6.2.5 Atmospheric Refraetion - The computer shall correct for the cfﬁocwrwhich
are eaused by total atmospheric refraction. The atmospherie modsl for tm"
computation shall be that eontained in the “The ARDC Modal Atmosphere, 1959,
Air Pores Surveys in Geophysics 115, Geophysics Research Directorate, AFCRD,
m' Aug“’t 1"}5‘3t ’ :

6.2.6 Systasatic Bffects, Corrections, and Plotter Calibration Constants ~
The Plotter Group shall aceept input gomstants which shall account for the
»iaking” camers principal distance {(calibrated focul length), the position of

‘ the primeipal point, lens diatortion, and £ilm shrinkage. Addirional detailed
requirements are given in paragraphs 6.2.2 amd 6.2.3 covering the last two
sffeet:. 1In addition the Plotter Group shall contain provisions vo account
for addiriomal special systematie error such as plotter ealibratiom. Capae
bility shall be provided for entaering, on punched payper tape, dutn whuh_shau
effect 2 nfmultaneous displacement eof both viewing heads by the same amount
and in the same direction. It shxll ba possible to obtain sfmultansously:

a. Displacement in X 22 « function of X
b. Disslacement in X as -& funetion of ¥
¢. Dizplacement in ¥ as a function of X
d. Displacement n ¥ as a function of ¥

‘ 6.2.7 Type of Phyaical Input ~ The Plotter GSroup shall have the following
type fnput=: : _

#. Comtact positive tramsparencies, mate emulzion to emulsion, up to
9% inches by 9% inches maximum.

b. Contact positive transpavencies, made contact emulsion to emulsion
on glass plate up to ¥ inches by 95 inches maximum,

§.2.8 Convergent Panorsmic Photography - Provision rhall be nade in the
Plotter Group to handle the sdditional mathematies and controiled «saaehlno‘
motions required by panoramie and frame photography with a nominal cone
vergence ngle up to 659.

6.2.8.1 Model Distortion - The céua;iuxtnr shall be capable of genexazting

eorrection: to the model ceordimates (X, ¥, 2) bazed upon power serias
equatfon: of the form:
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8 " 2 n 3 = b m p 5 @ 6 m
&2 b & &2 #3
+ ¢ X ¥ +e X Y +e Y
T = 2 8 m = 9 =

Yo eesfriclento of this equation will bo dotermined extermal <o the eamputer.

e B O o T N o e U TSP Y TSR . . _ -

T T L o SO (D D Uy e 5o Somiaie et
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‘ 1ish corcections
6.2.3.2 Relative Vehicle Motion - The computer shall estab ’ |
for motion of the camers relative to the escth during exposure. The correction
equations shall be of the forms '

A xg = R o
A Y= KW o
whare K is a constant expressing the eonditions of ralative motion.

ez in camera crientation
6.2.8.2 Camern Orientation - To accowmadate changes .
during the exposurs cycle of pamoramie shotograyhy, the mzmta;‘x.shi;; sggnpt
for each uhotograph, values of imcremental changes in piteh, xrot I e
s functions of the sweep angle. The ratas of changs shall be trea .
. following menner: ‘

piteh o = o+ (%) o
e 3e
. , aw

Roll 'uawﬂ*(w}a

Yaw kako*(%}

and yaw, and the

vhere ¢ , k_ are the given initial vslues of pitek, roll, aud .

rates og ’e:gngc? p v du, gk are assumed to be constantz for any Ziven photogrsph.
% & L4 p winutes

Their magnitudes ars equivalent to time-ratas of change less than thres

of are par secend of time.

lat he point of
,2.8.4 Model Coordinate Traunslation - in the traaslztion from t :

. 21:;;1; ia the wodel to the perspective center, the computer aha};e tak: ti:to
secount displacement of the photo primgiral point resulting from L o_mg e .
fnage motion compensation ceused by sesls siffecences within tha photograpny.
The image wotion compansation ¢hall be in the form

A Epyc * Fpe sin
whare &mc is a constant depending upon vehicls velocity, camera a‘iti;udo and
TBED timj‘

6.3 Photogrammetric Variables -

; ' £ - foral length of the tsking lens shall pe } anh
if;;; mﬁiﬁfl M’!ﬁtgmhmﬁm of rog.! length and fax.-ut shalj. bahiim;:‘ﬁ to
those of 120 degrees maximas included sngle for vertical pbni:;ﬁrspty%; taeress
cowbination of foesl length aud formot shall he linitadA to thoze of
waxivum incloding sngle for comvergent photograrhy.
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6.3.1.1 Overlap - The overlap along the 1ine of £1ight shall be 50 percest to
145 pereent. A | . _ _ ,_
§.3.2 Base/faight Ratio - The base height ratio shall be from 0 to 1.3°
compatible with other inputs. : .

6.3.3  Bxterior Orfentation - The absolute value of exterior orientation
angles of a single photograph aha;?. havs the following limivs: '

a. K (yaw) ° O to 3° plus or mimus
b, & {piteh) 2 to 43° ;lus or minus
c. ) (roll) 0 to 9° ;:lus‘o: ainus

§.3.8  Air Bsse com?dm:w ~ Tha restangulir componemts of the air base
at photo scals shall bae: : :

a. by = 3 to 1250 nm
5. bywz)t«lﬁiﬂm”
e. bz = 3 to 122 mm

6.4 Viswing Systems

6.5.1 s of Vieving - The viewing system shall ba a bimocular train,
pmuu:ﬁ:m; orthoseopic viewing. Two separate optical systems are
acoeptabls, one for conventional vertical fraue photography, ani ons foc -
ccavergent panoramic photography. This is to be accommodated by substituting
the observation binocular uaits,

6.8.2 Magnification - Magniffcation shall comsist of thres discrate
pptionz of 6X, 11X, and WX, The ainimm fiald of view shall be 14 wun
dismeter at 14X, 27 wm diameter at 10X, and 24 sm at 6X, Design objective
“shall be astablished to provide an apparent fleld of view of 60 degrees.

6.8.2.1 Magnification Convergent Panoramic Photography - The suipnent

shall pmiﬁ for continuous contrel of magnification of the convecgent ton
pamoramic photography imagery by the associated computer, The magnificstion
ratio, A4, is time ratio of the photo scale at any point on tha photo jaith
respect to the scais at the prineipal point. It shall be that which is Detween
0.7 and 1.5, zomputer to sn sceuragy eof five percent from a basic setting of

20 x by usiag equations of the form: -

H'%[X - % xaa-zsuiﬁ
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- The minimum £ield of view shall be 14 me diaceter at 1412. 10 we diamster
at 20X, and 7 wm dismeter at 28X. This requiresent shzil be established to !‘0" ‘
vide an apparent fiald of view of &2 degtus

6.4.2.2 Dove Prism Rotatfon - Cnmforgm? Pamoranfc Photography - Provision

shall be made to rotate the dove prisme in the optical trains by means of stepping
motors, to achleve stereo visfon of convergent pemoramic photography. The rotation
angle. oc, will have 2 range of +27% to 272, computed Lo an accuracy of cue ﬁﬁéif“t
using an squation of ths form:

oA 2 1.08  ein dp

6.4.3 I1iuminetton - A tangsw:a souree #hall he previded to illuainate the
photographs on the carriagea. The brightrers shall be satisfaciory For use with
the 14X megnification provided in the erepieces snd Jenvs filwm uzess, at the
maxisum setting of the illumination soures. The brightness shall be adjustadle
via a eontrol kmobd furnished to the oparator. Kech ] hatcgrmh carriage iﬁwi-
nation source shall be independently mtrouahle.

6.8.4 andw Prom Scratehes or Abrasion: - The components of the viewer
shall not produce seratches, abrasions or other marks which will danage the
£ilm trans;arencies or diapositives.

6.4,5 Orthoscopic Viewer ratfomm - Tha instrumsat shall visuaily reselive
0 less than 150 linee per mfllimeter bigh contrast and 70 lines per willisster
low eontrast (1.3 log contrast), and shell provide for maximum funetional ucility.

6.4.5.1 Orthoscopic Viewer Performance - Convergent Panoramic fhotography -
The objective shell be that the panoramic optical chain shzll visuslly resolve
no lass than 87 lines per millimster high contrast and 55 1ines per millimeter
low contrast (.3 log eontrast) and shall provide for maximum comfort to the
-operator during sustained operation while prwiding waximps functional utility.

6.4.6 Opties - The vwn (2) optics shall have focal lengths watched Lo withinm

1 percent. Tha opties shall bu mitabu for viewing film positive transpacencies
and glass plate dispositives. When wieving, the sptics shall be free from =ppatsnt
distortions and aderratfons. All aivcers shall be front sucfaced and overcoated.
An exft pupll of at least 7 mm al 56X mugnification shxll be jru.ided {n sach eye-
paacg. At higher magnifications the exit ;upil shall be proportionstaly smaller
reachad 3.5 mm at 18X magni€ication. The eveiisces shall affor’ no iesx than 27
o ava raelief. .

6.4.6.1 Optiex - Convergent Panormelc Photograthy - The optics shall be suitable
for viewins £1ilm positive transparencies and glasza plate @iapositives, When.
viguing, the opties shall be frea frowm ajparemt distortions and abercations. All
mirrors shall be fremt surfaced and overcoated. 4n exit pupil of i least 2.5 mm

at 30X magnification shall be provided in cach eyepiece. At hishar magnifications
the extt pupil shall be oroportionslly =mniler, reaching 14 ws,magnillcations at 28X.
The eyepleces shall afford no less then 2 wy eye mw:.
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8.8.7 Foeus - Individual fotus shall be previded for aach lmm £ren
~& to +4 dingttrs.

6.5.7.1 Pocus ~ Comvergent Pamoremic Photosraphy ~ Pogus of the oytical
system shxll not be alfested by the variation of maznification.

6.5.8  Inter-Ocular Distance - The arthoscora &ham accommodate all inter-
ocular distaptes from 50 am to 75 mm. )

6.58.9 hman Engineering ~ The location of eontrols and eyepiece: with raspsct
to the operator zhall be suth &s to afford maximum comfort and functional utdlity
during sustained operation. The dasign shill allow an operator to wear eysglasses.
Carsful consideration shall be given to these factors in the dezign of the viewing
systain,

6.8,10 Floating Polmt ~ The floating mark or point shall he provided by the

use of a pair of marks of sultabls form suitably logated and mounted with extrens
care and consideretion glven to dimemsional snd positionsl stabllity. Ho moving
optical alawests shall da iaterpored Hetween the marks end the photographs. Capa-
bility for adjusting the size of the floatiag mark to the optimum for all wgnifica-
tions specifiad in §6.5.2 shall be provided. when using convergeat pavoranic
‘photography and its related optics, the size of the floating mork shall mot enlarge
a:uthn! .4 times its nominal smwmﬁmbymthm D7 timas Ltam!ml
2378,

§.4.11 Maintensnce - The w&:&nm of the viaver shall be sugh that adjuste
mant, winor repairs, and replacenest of paris say be wsde by opsrating personnel.
Any tools required to perform tha abowe shall be furnished by the comtractor.

6.5 Plotting Davice - The plotting devics shall reproduce at a preselected
seale the displacements of the floating mark in the correctsed model and shall
cansist in part of a linkage with the stereoscopic viewer, drawing or viewing
:lu;mts with controllied X m Y motion, and a taizln on vhich the drawing am

% locsted,

6.5.1 Linkage - The linkage batween the stersoviever and drawing or viewing
device shall be of highest quality. There shall bs no more than .01 foeh back-
lash or lost motion between the steresuoviewer and drawing or vum device.
Provizion shall be wmade for disconnseting this linkage 3¢ that the drawing or
vieving davice ¢an be moved Indspendently of the stersoviever.
6.5.2  Drawing and Viewing Devices « Tha plotiing device shall be aupplied with:
4. Pencil ehuek or similar drawing hesd. '
b. Stylus for seribing on swh méer&al as "Beribe Coat™.

€. A microscops of at feast .10 power with retictle.

Approved For Release 2005/02/17 : CIA-RDP78B04770A000100110003-7




=

Approved F elease 2005/02/17 : CIA-RDP78‘BO4'A0001001 10003-7

-.9-»

These thres deviess shall ba eastly interchangeable and shall indicate the
cams polnt on the contour chaxt to within .01 fneh. Items 6.5.2a and 6,3.20
shall be retractible from the com:ilation sheet ramotely at the discretion of
the oparator. A lump shall be provided to {1luminate the compiled sanuseript
around the drawing and viewing device. :

6.5.3  Moving Head - The tracks for the moving head, to which ure attached
the devises of 6.5.2, shall be well supporied and drives at both apds so as

to prevent undesiradls lateral motions. Limit stops shall b provided to
{ndicate aurally and visually that the moving head has reached the limit of

itz travel, 4 ‘
6.5.4  Plotting Tsble - The plotting erda of travel shall be at least 1130
willimeters by 140 millimsters. The compilatios surfsce shall de parallel 1o
the plane determined by coordinate motionz and flat to a total rumout of wo
more than .5 ineh over the eniive plotting area. Along any straight line of
125 mi1limaters length the total rumout shall 30t be more than .71 imeh. Hold
down means for the compilation waterisl shall be provided so that the above
tolerances ace satisfied with this matarial in place. The plotting suthce
shall be translucent and shall be Liluminated from the rear. The illuaination
sourca shall not cause the surfece temperaturs of the table to increase by aun
amount whioch would adversely affect the dimsnsional chacacteristics of the
plotting material, . _

6.5.5  Photo Carriage Deives - The photo carriage wotions are to be driven
by servos that will control the carviages in the eatire (weix, y#\y) mations.
The serve gear ratios shall provide the full slew rate as & #4TvO cutput. A
motor with a high gear power output will be incorporated to mest dynamic
requiresent s, if wecessary. ,

4.5 Kinematic Dezign - The rangs of wotious, differantfal and combimed,
ahall be adequate for the ranges of piteh, voll, and yaw a5 specified, when .
these values or any combination of thess values, axtesd the resjestive wmaximum
values, |

6.7 Precision of Plotted Points and Contours - The accuracy of the eontour
chact and plotted poiats produced by the Plotter Group sball be .OIU imch root
meon aquare veferred to the ioput data st 27X maghlfication of photo seala to
plotting seale. At highss maguifications ihe jarmfissable error shell de
proportionately inoreased seaching .015 inch root waan square at 37X,

6.8 Oparator Controls - Controls shall be yrovided by which the oparator may
effect chenges in tip, tilt and swing in & menner similar to that swployed in
stapdard stersoplotters. Separate hend controls for X sotiom and Y wmotion of

the model shuall ba provided. It shall be astablished that a clockwise votation
of the X and ¥ handvhesls shall cause the floating dot to appear to Lraverse

the wode! from left to vight and from froni to back respectively. A foot control
shall ba providad for comtrol of the elsvation of the £losting msrk. A single
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control vhesl skall be provided to stear the floating mark at a fixed slevation
(comtouring mede) or at £ixed values of X or ¥ {profiling wode). Rotary decads
switehes shall be provided for emtering duta required in tha o;wration of the
Plotter Group. A1l additional semtrols necessacy to meet the requirsmsots of
.thfs axhibit shall be provided.

6.8.1 ‘Translation 3peed ~ In & esutouring or plinimetzric coeration the max i
trauslationsl speeds availabls shall ba 3 wm per second at the wodel acale with
arvers wot exoeeding those specified in other parsgraphs. S$Slew spsed shall be

10 wm par saeond. These requivessnts shail apply at the obe to ons photo to
plotting seale ratie. At other ratios the meximum translational spewds consistent
with the capsbitities of the plotting wechamism shall be obtained.

6.9 Other Outats - The Plotter Group chall provide an addiciomal owtput in
the form of & pusched paper tape vecording of the plotted points. This recordisg
shall Do uider the conirol of the operator and one pefat shell ba racorded for
each actuation of & switch or push button by the operstor. The reconding sball
contain the X, ¥ and slevation (relative to the spheroid) valuesz, at wodal scale,
pertinent to the point, regorded to a precision compatible with the accuracy of
the stexmoyictier (a least count of 5 wicroms). The stesecplotter shall jrovide
the operuzor with the exaet ralatica hetveen model scele and plotring scals., -

8.13  Yhoto Sales - The Plottar Sroup shall be suitable for accummedating
pairs of photographs in which the individual photographs of & palr say aiffar
from aach other In photo seale by 17 per cent. 18 asccordanes with the requize-
wauts of convergent ponoramle shotography, the domputer shal! provide wesns for
eomputing tha Jifferential scale changes by wems of the folloving eduatioas:

E ."1 X g = : “} ‘2".
X 5%?:55 ‘ y=ie » tan Zese
6.1%.1 Ourpur Secale -~ The Plotter Group shall provide a contimuonsly adjustable
reduction or muiargement from photo scale to plotting scals of 1.5 peduction to
30 times snlargement. The reduction and enlargament referred Lo is the product
of tha phots to modal enlargament and the model to plotting enlavgememt. The
profuct of thmse two enlargemenis shall be comtinuwously adjustanle, :

6.11 Dynamic Paxtorwsines - The error  erformspes of the driving secve wechanioms
shall be comoatibdle with tho overail o sieron accuracy of the Plotter Group. The
motiahs nroducad shall he smaoth and free of iitter and other ohjsctionsble :
chavacteristies. ' : :

.12 Mathods of Bstablishing the Mode!

6.12.1 Interior Oriemtation - Provisfons ~hall be made for segesting all
elemant: of interfor orfentation. The computer shall autbmatically store the
eoordinstes of esch fiducial rofnt in response te the pushing of an appropriate
button on tle comtvel panel vhen the photo carriage has been sropsely positioned
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by the operstor. Principal point eewwestions shall be entared by means of data-
entry switches. For esch photograph, the computer shall find the center of
gravity of the fidueial points, add the principal point ecorreetions to the
coordinates of that point (asswwing mechanical kappa ls zero), establish the
resultant point as the origin of the photograph coordinate systea, and position
the phetegraph to that peint. ' =

§.12,2 Relative Orvientation - rmvisims shallbe made for recovering the
relative orfentation by means of any of the following technijuesz at the
diseration of tha operator.

6.12.2.1 Provision ahall be made im the comyuter for the msufraut. of v
parallax at any pre-determined number of points batween 5 and 12 imelusive.
The elements of velative orisntatisn shail then ba determinad by the compuier

uwsing the parallax measuremdatz ond a linearized form of the baslc aquation
for relative orientation given below: :

5 B = aypy *ay Pyt . v .87 Py

'w‘ﬂbiﬁl"hzg}z“- bcba?fz

,iu ¢ = epy * ey Py *

.
»
*
E ]
ok
E
_—
P
3

2 hyudl?l‘dzpz"'v . cdlz".

£ bs = @Dy * 83 Py ¥ « ¢ ¢ By Pyg

The cosfficients ay, bi' e di' 7 will be supplied from extarnal scurues.

§.12.2.2 Provisions will be msde for the nrarator to elear Y parallax at the .
usual five voints of the wodel by means of anerator comtrol of the values ol
realative orientation 2= baing used dy the cosmputer.

6.12.3 Absolute Orientation - Provisions shall be mada for recovering the
sbsolute orjentation by msans of anyr ons of the following techniques at the :
discretiod.. of the operator. In svery case ir shall be possible for the operator.
to sslect any arbitrary point within the model ss the point of rangency for the
datum plane without the need for additiomal ground control information. Tha
corraction for sarth eurvature (6.2.4) shall be computed to this datum rlane.

$.12.3.1 The operator will adjust the slements or absolute orientation to
achieve = mateh by reference to the plotting roint and the floating mark,
bstwesn phote-identifiable control points on # base sheet and the image of
the eorresponding eontrol points appearing in the stereo model respactively.
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6.12.3.2 Provisfoms shall be made in the imstrument for achieving absolute
orfentation by reference to tabular data of the ground coordinates of at least
thres photo-identiffable ground contrel points appearing im the modsl. The
Computer shall accept the desired cocordinates of 3 photo identifiable points in
the intemded medel sczle by means of data entry switches or pumehed tape. The
comuter shall also store the actual model coordinates of each joint after the
photo cazrriages have been properly pesitioned by the operator. The eomputer
shall make the necessary calculatiems and automatically change the nppropriau’
elements of orientation to achieve sbsolute orientation. An apprextuate
progsedure may be used for this operation, provided, in most cases, where
comtrol 1z well distriduted throughout the model, no more than W 2 iterations
are required. /oo 2

6.12.3.3 Provisions shall be made for achieving absolute orisatation from
dataﬂaupplud concerning the air statiem ecordinates snd values of the 3.
-’ and.”) {yaw, piteh, roll) for each axposure. - -

6.12.3.4 Provision shall be made to locate on a print, correspendimg to
one of the vhotogrephs of the model, the position of the operation in the model.

7. Self Chetkiug - The Plotter Group shall have preprogrammed problems that
would be placed into the squipment which shall allow the operator to make
pe.tindtc ehecks of the system accurscy. The problems shall cover as many
component agewracy checks as possible. A diagnostic method for tha computer
shall be provided. Ths procedures for performing the self chacking fwnction
shall be submitted to the Government prior to equipment delivery.

8, E!tmfricai Controls - Electrical controls shall be provided to control
the operation of the Plotter Group. The controls shall be laid out in such a
way that all knobs and switches are easfly icested and f{n e2sy reach of the
operator.

!. ?. Alr Filters ~ Alr sooling is :iceeseary for the proper operation of any
component of the Plotter Group, the cooling air shall be filtered by means of
replaceable alr filter elements. :
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